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Formalism of the quantum mechanics developed for microscopic (atomic) level comes into collision
with some logical difficulties on mesoscopic level. Some fundamental differences between application
of its basic principles on microscopic and mesoscopic levels are accentuated.
1. INTRODUCTION
Richard Feynman remarked: ”I think I can safely say
that nobody today understands quantum physics”. This
remark may seem queer for people who studied and use
quantum physics but some experts understand that in
contrast to the theories of relativity, quantum mechan-
ics is not yet based on a generally accepted conceptual
foundation [1]. Not only the collision of principles of
quantum mechanics with macroscopic realism [2, 3] and
the Einstein-Podolsky-Rosen paradox [4, 5] are indica-
tive of our incomprehension of quantum physics. There
are some quantum effects observed, first of all, on the
mesoscopic level, strangeness of which is disregarded by
most scientists who do not understand that nobody today
understands quantum physics.
The experimental results corroborate for the present
all principles of quantum physics [6], even in defiance of
common sense [7, 8]. But the essence of these princi-
ples is not clear and is discussed now actively [9, 10, 11].
The collision between quantum mechanics and macro-
scopic realism [2, 3] should be expected on the mesoscopic
level. Therefore the consideration of differences between
application of basic principles of quantum mechanics on
atomic and mesoscopic levels is most urgent.
2. QUANTUM MECHANICS VERSUS
MACROSCOPIC REALISM
One of the three ”axises” along which, according to
A.J. Leggett [12], it is not unreasonable to seek evidence
of a breakdown of the quantum mechanics scheme of the
physical world is the collision of it with our immediate
experience of the ”everyday” world. The obvious con-
tradiction between the quantum mechanics and macro-
scopic realism was laid stress by Erwin Schrodinger al-
ready seventy years ago [13] but only in the last years
this problem is not only merely philosophical but it can
be tested in experiment [3] first of all on the mesoscopic
level, i.e. between the microscopic (atomic) world and
the Schrodinger cat. The formalism of the quantum me-
chanics, its Copenhagen interpretation, was developed
first of all for the microscopic (atomic) level and it comes
into collision with some logical difficulties on the meso-
scopic level.
According to the formalism of the quantum mechanics
a quantum system can be in a superposition of states but
this superposition can not be observed because of its re-
duction to single state at measuring. The principle of the
impossibility of noninvasive measurement seems admissi-
ble on the microscopic level when measuring device can
not be smaller than measured object. But we can not as-
sume that the Schrodinger cat can die or revive because
of our look. The contradiction between quantum me-
chanics and the possibility of noninvasive measurability
[2, 14] may can emerge on the mesoscopic level.
3. QUANTIZATION OF THE MOMENTUM
CIRCULATION
Other difficulty can be connected with the quantiza-
tion of momentum circulation. According to the classical
physics the momentum p = mv+ qA of a particle with a
charge q should maintain a constant value in absence of
any force whereas the quantum number n in the relation
for the momentum circulation∮
l
dlp =
∮
l
dl(mv + qA) = m
∮
l
dlv + qΦ = n2pi~ (1)
can change without any evident force. There is not prob-
lem on the microscopic realm, where electrons do not
change their state of motion in the absence of an electro-
magnetic force but the problem is on the mesoscopic level
[15]. The mysterious change of state of electron motion
without forces acting on the electrons can be both in su-
perconductor [15] and other (semiconductor and normal
metal) mesoscopic structures with the quantization (1)
of momentum circulation.
The quantization (1) takes place
∮
l
dlp = n2pi~ when
the wave function of a particle is closed in a two-
connected mesoscopic loop and m
∮
l
dlv = n2pi~ − qΦ =
2pi~(n−Φ/Φ0) 6= 0, i.e. the state with zero velocity v = 0
is forbidden, when the magnetic flux Φ inside the loop is
not divisible by the flux quantum Φ0 = 2pi~/q. On the
other hand the velocity can be zero v = 0 in the state
with unclosed wave function when the quantization (1)
is not valid. In this case the circular velocity of the par-
ticle v should change, i.e. the particle should accelerate,
from v = 0 to v =
∮
l
dlv/l = 2pi~(n − Φ/Φ0)/l and the
momentum circulation should change from qΦ to n2pi~
2at the closing of the wave function without any evident
force.
There is important to accentuate a fundamental differ-
ence between atomic and mesoscopic levels. A switching
between states with different connectivity of wave func-
tion can not be realized on atomic level whereas it can
be enough easy made on mesoscopic level. For exam-
ple it can be realized by switching of a segment ls of a
loop l between superconducting, i.e. with a density of
superconducting pairs ns > 0, and normal states with
ns = 0, whereas other segment lscs = l− ls remaining all
time in superconducting state with ns > 0 [16, 17]. The
quantization (1) should be along any closed path l of the
loop circumference when ns > 0 along whole loop and
the quantization (1) is not valid along l when ns = 0 in
the ls segment. The velocity of superconducting pairs∮
l
dlvs =
2pi~
m
(n−
Φ
Φ0
) (2)
and a density of the persistent current jp = 2ensvs 6= 0
should be nonzero along l in the closed superconduct-
ing state at Φ 6= nΦ0 because of the quantization (1),
whereas equilibrium velocity vs = 0 and current jp = 0
in the lscs segment when the ls segment is in the normal
state with a non-zero resistance Rls > 0. Thus, super-
conducting pairs in the lscs segment should accelerate
without any force, in contradiction with the law of mo-
mentum conservation, at the switching of the ls segment
from the normal ns = 0 to superconducting ns > 0 state.
This change can be fixed experimentally by way of an
observation of the appearance of the persistent current
at closing of superconducting state.
The term ”persistent current” was at first used for the
current in superconducting state [18, 19, 20], i.e. at
T < Tc. Under equilibrium conditions at T < Tc the
quantization (1) is valid during all time since coherence
of wave function of superconducting pairs exists until
the superconducting state exists. Above superconducting
transition T > Tc superconducting pairs exist because
of thermal fluctuations [21] and coherence of their wave
function along whole loop l appears only at times. It is
enough in order the persistent current, i.e. a direct circu-
lar current observed under equilibrium conditions, exists
not only at T < Tc but also in non-superconducting state
at T > Tc [22], when the resistance along l is not zero
Rl > 0. First experimental evidence of the persistent
current at Rl > 0 in the fluctuation region T ≥ Tc is the
Little-Parks oscillations of the resistance of cylinder [23]
or loop [24] in magnetic field Rl(Φ/Φ0).
The observation of the circular persistent current Ip at
a constant magnetic field dΦ/dt = 0 in a loop with a non-
zero resistance Rl > 0 contradicts to the habitual knowl-
edge according to which such current should disappear
without the Faraday’s voltage
∮
l
dlEF = −dΦ/dt = 0 be-
cause of dissipation, RlIp 6= 0, during the time of current
relaxation τRL = Ll/Rl. According to the explanation
[17] the persistent current does not disappear at Rl > 0
since the velocity decrease because of the dissipation force
is compensated by the velocity change because of the
quantization (1) at closing of superconducting state at
reiterate switching of the loop by thermal fluctuations be-
tween superconducting states with different connectivity.
The explanation [17] of the observation of the persistent
power RlI
2
p 6= 0 as a fluctuation phenomenon is natural
since Ip 6= 0 at Rl > 0 is observed only in the fluctuation
region near Tc, where the loop is switched by fluctuations
between superconducting states with different connectiv-
ity. According to this explanation [17] the observation of
the persistent current Ip 6= 0 at Rl > 0 in the fluctuation
region of superconducting loop is experimental evidence
of violation of the law of conservation of momentum cir-
culation. Already the observation of the direct circular
current Ip at dΦ/dt = 0 and Rl > 0 is challenge to this
law since it is observed at Rl > 0, as well as a conven-
tional circular current, but without the circular Faraday’s
force 2eEF ,
∮
l
dl2eEF = −2edΦ/dt = 0.
The wave function not only superconducting pairs in
the fluctuation region at T > Tc but also of electrons in
mesoscopic semiconductor and normal metal loops can
become closed at times. I.O.Kulik predicted first the per-
sistent current in normal metal mesoscopic structure [25]
just after the consideration of this quantum phenomenon
at T > Tc in superconductor [22]. It is much more dif-
ficult to observed the persistent current of electron than
superconducting pairs. Nevertheless the advancement of
cryogenic and microfabrication technologies had allowed
to make attempts to observe the persistent current in
semiconductor [26, 27, 28] and normal metal [29, 30, 31]
nanostructures. First it was made only in 1990, i.e. in 20
years after the prediction[25]. It may be therefore most
authors refer to [32] as the first prediction of the per-
sistent current in non-superconducting structures. The
persistent current in non-superconducting loops also con-
tradicts to the habitual knowledge since the resistance of
these loop is not zero.
An additional, more obvious, experimental evidence of
violation of the law of momentum conservation is the
observation [33, 34] of the quantum oscillations of the
dc voltage Vdc(Φ/Φ0) on segments of asymmetric super-
conducting loops predicted in [16, 17]. The potential
difference RlsIp should appear on the segment ls just
after its switching in the normal state with Rls > 0 if
the persistent current in the loop l was non-zero Ip 6= 0
before the switching. This potential difference V (t) =
RlsI(t) = RlsIp exp(−t/τRL), as well as the circular cur-
rent I(t) = Ip exp(−t/τRL), are extinguished during a
finite time of current relaxation τRL = Ll/Rls because
of a finite value of the loop inductance Ll. The time
average of the V (t) voltage during the time tn of a stay-
ing of the ls in the normal state V
tn
= t−1n
∫ tn
0
V (t) =
RlsIpt
−1
n
∫ tn
0
exp(−t/τRL) equals V
tn
≈ RlsIp at tn ≪
τRL and V
tn
≈ LlIp/tn at tn ≫ τRL. The dc component
of the voltage measured during a long time Θ, Vdc =
Θ−1
∫
Θ
dtV (t) = N−1sw
∑
Nsw RlsIpωsw
∫ tn
0
exp(−t/τRL)
equals Vdc ≈ RlsIptnωsw at tn ≪ τRL and Vdc ≈ LlωswIp
3at tn ≫ τRL in the case of reiterate switching of the
ls segment between superconducting and normal states
with a frequency ωsw = Nsw/Θ.
The switching of the ls with the frequency ωsw means
that during the long time Θ the loop l is Nsw times in
the closed superconducting state and Nsw times in the
unclosed superconducting state. The density of the per-
sistent current jp = 2ensvs in each (from Nsw) closed
superconducting state is determined by the ns value and
the quantization of the velocity (2). The density jp is
uniform across the narrow section s ≪ λ2L of the loops
measured in [16, 17]. Where λL is the London penetra-
tion depth. The persistent current in the closed super-
conducting state of the loop equals Ip = sjp = s2ensvs =
(2epi~/lm < (sns)
−1 >)(n−Φ/Φ0) because of the quan-
tization (2) and since its value should be uniform along
l in the stationary state:
∮
l
dlvs = (Ip/2e)
∮
l
dl(sns)
−1 =
(Ip/2e)l < (sns)
−1 >. The quantum number n can be
any integer number in the closed superconducting state
but with overwhelming probability Pn ∝ exp(−En/kBT )
the loop switches in the permitted state with lowest
energy En since the energy difference En+1 − En be-
tween adjacent permitted states is much higher than the
thermal energy kBT [17]. Therefore the average value
n = N−1sw
∑
Nsw n =
∑
n nPn is close to the integer num-
ber corresponding to the lowest v2s ∝ (n − Φ/Φ0)
2 value
and Ip = N
−1
sw
∑
Nsw Ip is not zero at Φ 6= nΦ0 and Φ 6=
(n+0.5)Φ0. Ip = 0 at Φ 6= (n+0.5)Φ0 since two permit-
ted states, n− Φ/Φ0 = 1/2 and n− Φ/Φ0 = −1/2, with
opposite direction of the persistent current Ip ∝ n−Φ/Φ0
have the same energy (n − Φ/Φ0)
2 = (1/2)2 = (−1/2)2
and therefore n − Φ/Φ0 = 1/2 + (−1/2) = 0 at Φ 6=
(n+ 0.5)Φ0.
Thus, the dc voltage Vdc ∝ Ip ∝ n − Φ/Φ0, sign and
value of which are periodical function of the magnetic
flux Vdc(Φ/Φ0) should be observed on the ls segment
at its reiterate switching between superconducting and
normal states. Just such quantum oscillations of the dc
voltage Vdc(Φ/Φ0) were observed in [33, 34]. There is
important that the dc potential difference Vdc(Φ/Φ0) is
observed both on the switched segment ls and other one
lscs = l− ls remaining all time in superconducting state.
The latter is possible since the acceleration of pair in the
electric field dp/dt = 2eEp = 2eVdc/lscs is equilibrated
by the momentum change, i.e. by the acceleration in
opposite direction [16, 17], because of the quantization
(1). The momentum circulation
∮
l
dlp of superconduct-
ing pair with the charge q = 2e changes from 2eΦ to n2pi~
at each closing of the wave function. The average value
of this change N−1sw
∑
Nsw(2pi~n−2eΦ) = 2pi~(n−Φ/Φ0)
depends periodically on magnetic flux as well as the dc
voltage Vdc(Φ/Φ0) ∝ (n−Φ/Φ0) observed in [33, 34]. The
observation of the dc voltage on the lscs segment remain-
ing all time in superconducting state contradicts to the
law of momentum conservation. The quantum oscilla-
tion of the dc voltage Vdc(Φ/Φ0) may be expected also in
semiconductor and normal metal asymmetric mesoscopic
loops.
4. INTRINSIC BREACH OF SYMMETRY
The law of momentum conservation is connected with
symmetry of space and the violation of this law at the
closing of the wave function can be connected with the
intrinsic breach of symmetry. The experimental evidence
of the intrinsic breach of symmetry is even more obvious
than violation to the law of momentum conservation. It
is observed in [33, 34] that the potential electric field
Ep(Φ/Φ0) = − ▽ V (Φ/Φ0) has right or left direction
which changes periodically with the value Φ/Φ0 of the
magnetic flux. For example, if the Ep direction is right
at Φ/Φ0 = 1/4 then it is left at Φ/Φ0 = 3/4 [33, 34]. It
is very strange that direction of a vector changes with a
scalar value. We should ask: ”Why can the dc electric
field Ep have right direction at Φ/Φ0 = 1/4 and left one
at Φ/Φ0 = 3/4?” There can be only answer: ”Because
the loop is asymmetric, for example the lower half is more
narrow than the upper one, see Fig.4 in [34], and the
circular persistent current has contra-clockwise direction
at Φ/Φ0 = 1/4 and clockwise one at Φ/Φ0 = 3/4”.
It seems self-evident that any direct current has a di-
rection. Nobody doubts that a conventional direct cir-
cular current I = R−1l (−dΦ/dt) (it is in the stationary
regime at t ≫ Ll/Rl) induced in a loop with a resis-
tance Rl by the Faraday’s voltage
∮
l
dlE = −dΦ/dt has
clockwise or contra-clockwise direction and this direction
determines right or left direction of the potential electric
field Ep = −▽ V observed on a loop segment ls the re-
sistivity Rls/ls of which differs from the one Rl/l along
whole loop l, when V = (Rls/ls − Rl/l)lsI. But it is no
so obvious for the persistent current existing because of
the Bohr’s quantization, as well as stable electron orbit
in atom. There is important to accentuate the funda-
mental difference of the persistent current, as one of the
mesoscopic quantum phenomena, from the conventional
current, on the one hand, and from electron orbit in atom
(1), on the other hand.
The direction of a conventional circular current is de-
termined by the circular Faraday electric field
∮
l
dlE =
−dΦ/dt. But the persistent current is observed at a con-
stant magnetic flux Φ and, according to the experimen-
tal evidence [33, 34], its direction changes with a scalar
value Φ/Φ0 without any external vector factor, i.e. the
Ip can have different directions at the same direction of
the magnetic flux Φ when the Φ values are different. The
observation [33, 34] of a direction of the persistent cur-
rent is experimental evidence of intrinsic breach of clock-
wise - counter-clockwise symmetry, since, in contrast to
the conventional circular current, the Ip direction is not
determined by an external vector. The periodical de-
pendence Ip(Φ/Φ0) ∝ Vdc(Φ/Φ0) of the direction of the
persistent current with the period Φ0 = 2pi~/q is indu-
bitable evidence that this intrinsic breach of symmetry is
consequence of the Bohr’s quantization (1).
Bohr postulated the quantization (1),
∮
l
dlp =∮
l
dlmv = n2pi~ at Φ = 0, in order to explain the stability
of electron orbit in atom. There was a logical difficulty
4in this model until electron considered as a particle hav-
ing a velocity v since it was impossible to answer on the
question: ”What direction has the velocity of electron on
stable atomic orbit?” The uncertainty relation ∆p∆l ≥ ~
and the wave quantum mechanics have overcome this dif-
ficulty. Electron can not has a certain coordinate on sta-
ble atomic orbit with a certain momentum according to
the uncertainty relation and therefore it can not have a
velocity. It is a wave but not a particle in the case of
the Bohr’s quantization on atomic orbit. Therefore the
Bohr’s quantization does not break a symmetry on the
atomic level. But we see that the breach of symmetry
because of the Bohr’s quantization is observed [33, 34]
on the mesoscopic level.
This intrinsic breach of symmetry is observed since the
canonical momentum p = mv+ qA includes not only ve-
locity v but also a magnetic vector potential A and there-
fore sign and value of a circular velocity on the lowest per-
mitted state (2) depend periodidically on the Φ/Φ0. It
may be considered as the cause of the periodical changes
of equilibrium magnetizationM(Φ/Φ0) of both supercon-
ductor and non-superconductor, semiconductor [28] and
normal metal [31], mesoscopic loops. It is very difficult
to investigate experimentally a possibility of like oscilla-
tions on atomic level since the Bohr’s radius, a typical
atomic size rB ≈ 0.053 nm, is much smaller than a ra-
dius rB = 500 nm of the mesoscopic loops. The very
high magnetic field B > Φ0/pir
2
B ≈ 3 10
5 T is needed
in order to observe the M(Φ/Φ0) oscillations on atomic
level. It is important to note that the M(Φ/Φ0) oscilla-
tions is challenge to the law of momentum conservation
since this periodical change is evidence of change of the
quantum number n =
∮
l
dlp/2pi~ determining the value
of momentum circulation (1). One may assume that this
change can be only at a breach of the coherence of wave
function along l.
The intrinsic breach of symmetry on the mesoscopic
level because of the Bohr’s quantization is challenge to
some basic principle of statistical mechanics and thermo-
dynamics [35] since it violates the postulate of absolute
randomness of any equilibrium motion [36].
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